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. CLASSROOM EXERCISES CONCERNING THE EFFECT-OF WEATHER. . ,
CONDITIONS ON AIR.QUALITY IN ILLINOIS . . . . .

v Introduction .
': v " \ .

Most 1ntroductory tourses in c11matology "and meteoro]og« devote time to

dxscu551ng the manner 1n wh1ch _atmospheric cond1t1ons can ‘affect air qua11t&k
A sat1sfactory understand1ng of such cond1t1ons requires an exannnat1on of
e such meteoro]oglcal phenOmena as lapse ratns, stab111ty and 1nstab111ty, -

temperature 1nvers1ons, as we]T as specval factors 11ke 1ocaJ topography and

. reg1ona1 weather patterns Occasgonal e perm1ts a genera] exam1nat1on
v X, e wer L
of the character1s ics, sources and hea' -* ffects ~6f-such air po]]utants as ““friilue

- ozone, tota] suspendei?part1cd1atesiand sulfur d1ox1de Frequentiy, however,

T, a, 1ack of data does not perm1t case studies which cou1d examine in detail the

@

weather cond1t1onE that are most often assoc1ated w1th high concentrat1ons of

maJor air. po]lutants P1assroom exercises. wh1ch examine this relat1od§h1p

T wou]d prov1de students w1th an opportun1ty to apply neteoro]og1ca] pr1nc1p1es
to a spec1f1c oeograph1c }ocatron, Jn en effort to better understand *the

- significant ro]° that‘Weéther p]ays in énhanc1ng or reduc1ng air po]]ut1on
P o

w § 2
- ., - »

1 levels.. ) _
From 1976 to 1§78 the state of Il]1no1s experzenced -an unusua]]y large

number of air pol]ut1on ep1sodes, eSpec1a11y 1n the larger metropo]1tan areas\'

. A majov prob]em du&1ng the warmer part of the year was onne The concentration~

b

. uf ozone and 1ts }ongevity are 1arge4y determ1ned by weather conditions. Accord-

-

“ing to the Illino*s Env1ronmenta1 Protect1on Agencyl, "The ro]e of weather in

the production of-ozone-cannot be overemphas1ged."’

-
1
.



“providesa background that shou]d be useful S c}ar1fy1ng quest1ons posed’ 1ater‘

w"serxous a heahtg hazard as the other poliutants which have not been reduced
Mo

-
»
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-

P I ° : e
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_(n In addition to ozone (03} data on tdtal suspended par*iculates tspr),

su]fur dioxide (502), carbon monoxide (CO) and n1trogen”d1oX1de (NOZ) were
e-ﬁ-

2 co]]ected and examlned for per1ods when conCEntrat1ons were espec1a11y high~ -

“ >,
dur1ng 1978 in,the city of Ch1cago Average da11y air po].ut1on déta were N B

-

"obta1ned J}i microfiche frbm ‘the Ilhnms Envi ronmenta] Protectnon Agency,

Division of -Air hdl]ut1on Contro] for mon1tor1ng sites 1n northeastern I11inois. 2 B

-AVerage da11y weather data for 1978 were purchased from ‘the National weather

J—

Serylce#for*hdeay A1rport The considerable amount of~%1r po]]ution 1nfor—

S
e EEY

matTon requ1red that this. pre11m1nary exam1nat1on -be restr1c¢ed th, mon1th1ng

‘ s1tes nearest to M1dway Airport (Figure 1). It was assumed that the weather .

Vd
Jecords at Midway A1rport were representat1ve of the weathEr cond1t1ons-

exper1enced'at mon1tor1ng S1tes 1ocate% nearby. - <L L. o -
C T s .

-

. % 'g~ v . . . s
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A discussion of the general character1stacs of the ¥1va air pollutants

in some of. the spec1f1c exerc1se$ Figure 2 1ndicates the trends in air ﬁol- ' N

.

1ut1on em1ss1ons from 1930 through -1978. If ozoné em1ss1ons were added to the ‘~'

values in yigure 2, the six rategor1es combined would accﬁunt for 98% by.

mass of a]l air pollg}1on generated in this’ country : ) . L’ ' -j}

“Total suspended partlculates have undergone the most dramatwc decrease in

em1ssions during the nine year period. This a1r po]lution prob]em is not as .

aé rapidly. est gains 1n reducing ‘sulfur dioxide emissions have been

achjeved‘during the 1970 s.  Notice, however, that since 1976 only s11ght

" reductions in sulfur.dioxidé emissions have occurred. The percentage change

== 1

\'./ « ‘ ' ) - o o .;
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FIGURE 2.

* (million metric tons per year)

NATIONAL AIR POLLUTION ‘MISSION ESTIMATES,®1970-1978

- P [
' Year TSP " 50, "Nop - - HC co
N ‘
1970 23.2 29.8°  -19.9 28.3 .. 102.6
. 19m 22.0 28.2 ' 20.5 27.8 . ™ 103.1
N 1972 21.,0.  :29.3 - 21.6 28.3 104.4
. 1973 20.3 30.4 22.4 28.4 , 103.5
1974 "17.9 | 28.5 21.8 27.1 99.6
. .1975, 114.6 | 26.2° 20.9 . 25.3 97.2
1976 14.1° - 27.4 . 22.5 27.0 102.9
197F 13.6  27.2° 23.4 27.1 102.4
1978 r 12.5 '27.0 % 23.3 27.8 102.1
Percentage -change,; . : 8 .
1970-78 -46.1 ~1.8 -.5

','904 +17-1

——

Source' U.S. Environmental Proteution ngncy, National Air Pollutant
* " Emission Estimates, 1970-1973(Washington, b.c., 1980): P. 2.
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in the amount of hydroqarbons'and carbon monoxi de generated between 1970 and \\

1978 remained nearly the same. IA 1975. totals for both pollutants were‘Iowest

-
k

fand have since increased s11ght1y but not enough to exceed the highest values
i

recorded in 1972 and 1973 Since hydrocarbons are the principal contributor
to the formation of ozone they W111 be d1scussed 1ater 1n greater detail in

conjunction w1th that po]]utant rather than -examined separateiy Data on

t

/
.ozbne em1ss1ons were not aVa11ab1e diring the,years represented by Finure 2.

°

~Recent*trends however, 1nd1cate that the level of ozone remained fairly

\_7

constant nat1onW1de because the princ1pa] tontr1butor to 1ts format1on hydro-

carbons, has nain*ained nearly ﬂhe same level of output in recent years In
1978, carbon monqx1de and ozone were the maaor air po]Iutants responslble for
the unhealthy air being inhaled in Amer1ca s urban centers Nitrogen dioxide

em1ss1ons have been the most d1ff1cu1t to rediuce since 1970 'Totai emissions

. have slowly, but stead11y 1ncreased making such a trend unique amohg a1r

pollution emissions in the UnTted States A more detai1ed examination of _—

each of the Five air pollutants follows. ’ ‘ , i\‘;///

" Ozone pollution occurs when_hydrocarbons.and nitrogen oxides are mixed in
the presence of 1ntense sunlight. Hydrocarbons are the pr1nc1pa1 contributor
1n the format1on of ozone and are derxved mainly from hjghway vehJcle; and
]ndnstrial processes. Nxtrogen_ox1des, pr1mar11y nitrogen dioxide, are
* produced almost enttrely:by;highWay vehicles'and e]ectnde power plants. "Sun-

light is most intense during the summer'ﬁhich7@akes&ogone“po}1utjbn a predom-

H

inately warm.weather phenomenon.

{-
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This *highly reacttve, pUngent, co]or]ess gas be]ongs to a group of

3

chem1ca1$ known as photochem1ca1 ox1dants Ozone 1; frequent]y used as the

1ndex for estimating, total photochennca] ox1dants even thodgh some researchers

t

contend 1t is not the bést 1ndex It is - recommended by hea]th off1ctals that
no work1ng environment shou]d average more than 100 parts per btﬁﬂton (ppb)
ozone - dur1ng an etght hour work - -day. Chest dtscomfort ‘can be expertenced when .

. ozone 1eve1s approach 300 ppb Eyes frequent]y water when'ozone levéls reach

150 ppb. Ozone can cause 1rr1tation to the eyes ‘and 1ungs with amounts.as’
. ) é '

Tow as 100 ppb Physica] performance can be, 1mpa1red when ozone levels reach

.30 ppb Unfortunate]y, ozone can react with other air po]]uf%nts such as

-

carbon monoxide to produce con51derab1e 1rr1tat10n to the resptratory tract.

Damage to some kinds of vegetatton occur when ozone levels are 50 ppb or

-

- greater for more than four hours,.’ Frequent]y 1eaves become st 1pp1ed or’

f]ecked when eXposed to ozone. ’Damage to materials, such as rubber and fabr1cs

does occur from excess ozone bu; is not well documented

»

. Ozone. productng po]lutants form over-a period of sevexa] pours which
permits preva111ng winds to carry the mixture downwind for many m11es\ Durtng-

this t1me the sun -can "bake" the mixture of pollutants and oenerate very high
!

i ozone 1eve1s 30 to 50 miles away from the original source of emissions. Areas

affected by ozone can ‘vary in 3?7& from re1at1ve1y small and barely detectable

to maJor air-masses capable of engulf*ng the entire state of I1linois. Ozone

poliution™is not restrtcted to the urban areas that produce them. Studies3

indicate that rura] areas_150 miles from St. Louis, Missouri, showed ozone
levels that were almost zdentical to those of, the city\\\\ o

, | e
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" 1eve1 of air qua11ty requ1red to .protect the pub11c we]fare (vegetation, mate-

Ozone in ITlinois is con51dered a violation of amb1ent air qua11ty standards ..
_when levels’ &xceed" 8g/ppb’for a one hOUr average This f1gure is for both the

pr1mary and-secondary standards. A primary standard represents a level of air

-

qualjty necessary to protect, the pub11c hea1th { secondary standard is a.

. r1a1s and property) The ozone season. off1c1a11y beg1ns May 1 and ends Septem- .-
ber 30. Trad1tiona11y the h1ghest 1eve1s are reached from mid- Ju1y to m1d-August ';
In 1978, the h1ghest ozones1eVe1s occurred in 1ate August and extended ipto .

September A record e1ght ye1low ozone a1erts were dec}ared by the 1111no1s

R

En51ronmenta1 Protection Agency with the f1rst occurr1ng on August 22. Such

Uan alert 1s issued when ozone levels exceed 170 ppb for a. one hour average and

weather conditions, are eépected to rema1n the same the next day Ozone adv1sor1es f.
& L

were declared for a record total of 797 station-days in c1t1es statewide in 1978

: of .

Advnsory status is reached when ozone -levels éxceed, 70 ppb for a two hour

average and condttions are expected to cont1nue the following day. The weather

9

condit1ons that. contribute to the e1evated ozone 1eve1s dur1ng an advisory

?

include tcmperatures between 80°F aﬁd 90°F, average w1nd Speeds less than 5 m11és

v

L. per hour, stagnant a1r associated w1th h1gh pressure, 1ack of ra1nfa11 ‘and most

1mportant Tots of sunsh1ne Ozone concentrat1ons are 1nten31f1ed wheh the K %

.

previous weather condition pers1sts for two or more. days in a row. RN
o The ‘First ozone advisory for Ch1cagd was-1ssuEd on May 10. Even though‘the
*ozone seaso? officia11y ends on September 30, cont1nued warm weather caused the

I1Tinois Environmenta1 Protect1on Agency to 1ssue spec1a1 ozone adV1sor1e° during

e

October and, for the first time since monmtoting began in 1974, in. November.

&

The first yel1ow alert was yssued in ear1y September for the Ch1cago area.
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Dur1ng 1978 the city of Ch1cago expernenced a total of 52 days when an ozone

t:‘— »
adv1sory was-issued and one day when a yellow alert was dec]ared

t

Sulfar Dzox1de

o*

" Sulfur oxnd%s are atmospheric po]]utants that result pr1mar11y from the

E

. burning of fossil fuels containing sulfer compounds The burn1ng of coal

/ generates about tw1ce the quantity of sulfur ox1des as 0il and natural gas °

-

combined Steam generated eTectr1c power plants operated by industry and

\}
i

electric. ut111ty companies account for a maJor1ty of emissions, with 1ndus-
\ ,trial processes such as ref1n1ng of petro]eum, manufacture of sulfur1c acid

and sme1t1ng of ores conta1n1ng su]fur making up the rest. Su]fur d1oxide
y £
is the best known of the su]fu(/dxides and is frequently Used as the 1ndex

for all such ox1des. Controversy still ex1sts concern1ng how well sulfur-
d1ox1de represents ambient su]fates as .a whofe.' Some sulfur oxides are more '

toxi¢ in the enV1ronment “than sulfur 41ox1de, but account for much less ‘of

- .

the total su]fate emissions by we1ght. Su]fur d1ox1de problems are gener—

ally located near areas where emissions.- are occurr1ng, but can on occasion
A Y 2 .

be subJect to lohg range transport

. " Once Ln the atmosphere some sulfur d1ox1de can»be converted to su]ﬁnr
T & ’

trioxide (503) and even to a sulfuric acid mist if water vapor is present.

Sulfur1c acid drop1ets and other sulfates may account for 5 percent to‘ZO per-

/

cent of the total suspended palticulate matter in urban air. Many health

problems car/ occur as a result of breath1ng air 1n which su]fur diox1de has
&
been oxidized to other compounds, many of which are nd¥ more toxic than -before

the .chemical reaction. A combination of ozone and sulfur dioxide in the a1r
1 )

<~is .more deb111tat1ng thap either alone. Weather cond1tions greatly influerce

- »
A -

Le




effects on humam beings. For examp]e,xsu]fur1c ac1d mists are‘more 1rr1tat1ng .
to the respiratory tract when the re]at%%e Jhumidity is h1gh ¢ . .
‘.‘ . Su]ﬁur d1ox1de concentratwons of 300 ppb or greater exhi®¥ pungent odor .
o

: and can be decected by taste at levels rang1ng§from 300 ppb to 1000 ppb. Excess -

+

: sulfur oxides cause’ 1rr1tat1on of the resp1raton{ system W1tQ damage being

]
either temporary or, permanent In ser16us cases dama g"to the hearf cam,occur.

. f’ - " Violation of the prwmary ambient a1r qua11ty standards\cccur when su]fur aﬁg;;
. °concentratwns exceed 14Q.ppb dur1ng a 24 hour_period or 1f the annual arithhetic
- mean exceedsfag ppb(Figure 3). Secondany standard V1olat1ons occur when sulfu
g d10x1de 1evels exceed 500 ppb for non-overlapp1ng three hour a;erages .
a~//‘ S Sulfur diox1de can also, cause damage to vegetatwon‘mmen concentrat1ons

are as Tow as 30 ppb v Acute injury to p]ants occurs when h1gh concentrat1ons

of sui far d19§ade are experienced for short periods of time and are ‘mani fested

in the-injured tissue changing to an 1vory'cojqr. Chronig¢ injury may occur
o, . _ . ' .-
over &%ys or, weeks with the resu’t that plant leaves yellow as <chlorophyll pro- . i

- . C o ow
» x‘

Corros1on rates are usually higher in urban ang industrial atmospheres

duction is d1srupted

*

* " which contain su]fur ox1des, as, we]l as.. particu]ates, than in rura] environ-

A
. ments. This type of pol]utioﬂxcan’damage e]ectrical equipment of all kinds,

4
L Bu11ding materia;suand texti]eﬂfibers.,-4; T B ‘ S e
B ' ' o
i During 1978 none of the monitoring sites in Chwcago exceded the_ primary Y ’i
 standard of 304ppb.. Thé highest arnual average value retorded was 18 ppb.
There were no violatdons Qf either the 24 hour pr1mary or B8 hour secondarv
average sulfur dioxide ‘standard. o _ - :
b , BT
. i N
k4 hd ”




Pollutant

‘s FIGURE 3

SUMMARY OF NATIONAL AND ILLINOIS'
AMBIENT AIR QUALITY STANDARDS

1978

fime of Average

Particulate Matter
{TSP)

Primary Standard

&

Secandary Standard

Annual Geometric Mean
'24 Hours

75 ug/m3 60 ug/m3 ‘
260 ug/m3 150 ug/m3.
suflur Dioxide X g |
(s02) Annual Arithmetic Mean 30 ppb None - :
74 Hours 140 ppb None
R 3 Hours s None 500 ppb
. ) ¥ !
Carbon Monoxide d
(co) 8 Hours - - 9 ppm Same as Primary
. 1 Hour - . 35 ppm Same ag Primary J
. \ - a\
Photo-Chemical . . ‘ \ .,
Oxidants (03) 1 Hour (state) .o 80 ppb Same as Primary
. : * 1 Hour/day {Federal) . 120 ppb Same as Primary
Non-Methane . . . I P
Hydrocarbons {N~MHC) 3 Hours (6 to 9 AM) - 240 ppb Same as Primary
Nitrogen Dioxide : :
(NO2) Annual Arithmetic Mean .50 ppb Same as Primary-
Illinois Air Quality Standards are identical to Natidnal Air Quality Standards with the exception
of ozone., All standards with averaging time of 24 hours or less are not to be exceeded more than
el mcﬂ pﬁr year. i_é . ES . : . o - ", !




,deFWVed mater1a1s are 1arger than one m1cron iwsize, A major probJem occurs

‘e . : .
.

Total Spspended;Particulates: E e

. /. A
Suspended particulates consist of'lingd droplets and small solid material

dispersed in the atflosphere as’iﬁsgsj gﬁfays; dust, smoke or fumes. Particulatgs

‘ cannot refain suspended in the air unless their diameter is less than 100 ‘microns

(d1cmeter of a hyman ha1r) R LY

The chemxcal and physical characterist1cs éf part1cu1ates depend on the

‘source of em1ssions Sq@e of the most common cources 1ncTude soot and ash

*from the combustion of fossil-fuels, industrial processes, dust’ from wind R

erosion and partitles produced from the interaction of ‘sunlight, and gaseods -

poliutants.’ Suspended panticulates derived from combust1on and photochem1ca1 .
. »
processes are usua]]y 1ess than one micron in size, whereas dust and industrial

when part1cles in the atmosphere 1nteract with sunlight and mo1eture to
increase 1ocal cloudiness and redude v1s1b¥11ty These conditions can be
hazardous for the operation of motor vehicles and a1rcraft ) . .'-u
Suspended part1cu1ates enter the human body throu;h the resp1ratory system
The size of the particles. defermines the degree of penetrat1on 1nto the respi-
ratory tract. Particles over f1ve m1crons are usua]]y trapped and depoS1ted

mainly-in the nose and throat aSmaller partﬁc]es, espec1a11y ong micron or

less in diameter, may penetrate deeper 1nto the resp1ratory system and may

'eventually be absorbed into tge bloodstream Unfortunate]y, those part1c1es._' .

al

" smaller than one micron are” the most difficult to remove from the work environ-

ment. Once these particles reach t.e outsideiatmosphere they can 5; washed

out rather effectively by rain water. Breathing air wh:ch conta1ns htgh

particu]ate concentrations (annua] geometr‘c mean of 80 m1crograms per cubic .

meter or more) have . been associated w1th increased mortality, and bronchitis.

I




A

» Over long periods of t1me _the chemical nature®*of the depOS1ted part1ou1ates

may be linked to 1ncreased chances. xf deVe}oplng Tung cancer or haV1ng»a hedrt

.
a -

Ve attack . N . T ) ' A ..

-
L 20

. .
13

2 N1th1n the city of Chicago 38 percent of the mon1tor1ng sj tes. exceeded

;R the pr1mary annual standard of 75 macrograms per cubic meter during 1978

“’(Figure 3). Seven sites recorded v1olat1ons of the 24 hour primary standard

f . . -3l
. of 260 micrograms per cubic meter.
! o N \ .
: RY . : B b
Carbon Monox1de . . : ' »on .
A : : K Ty - o -
e ©o The maJor source of earbon monox1de ennss1ons is from tﬁe 1ncomp1ete .

burning of gases generated by the 1nterna1 combust1on eng1ne Nearly 80 percent' 3

- ¢

of th1s air pollutant is derived from h1ghway motor vehicles, Secondary sources

-of carbon monoxide.inc]ude industrial processes, solid waste disposal, open

-
L —, e * -

burning and forest fires.

.

Cdrbon monoxide is an invisible, odorless and tasteless gas. The effects
' _of hwgh CO"CE"trﬁv]O"S of this’ gas are, well known. Carbon monox1de 1s absorbed
“into the lungs and reacts w1th the hemoglobin of the blood. Th1s s1tuat1on

&
reduce$ the oxygen~carry1ng capacity cf the 5lood The ]eVe] of carbon monoxide

~

that eventua]ly m1xes with the blood is dzrect]y related to the carbon monox1de
‘w - concentration of the inhaled air. Once the carbon monoxide concentration is
removed or.reduced Tow level poiscriing associated with its inhalation can be
“reversed. B . |

An exposure of eight or more hours to carbon monoxide concentrat1ons of
10 to 15 papgs per m1llion (ppm) can 1mpa1r mental funct1ona. Levels greater 5«-22
than 30 ppm caft cause discomiort “for persvins with heart d1sease Stud1es4 do -
not indicate that carbon monoxide has any adverse effects on‘yegetation; :‘

materials; or visibility.




Dur1ng 1978 the eight hour pr1mary standard of 9 p’pm was exceeded 84 t1mes T
- at the Sta‘te Off\*se Building in downtown Chicago’ pr1mar1 ly because of heavy .
“traffic congest;pn The h1ghest carbon monoxtde value recordedﬁ; th1s s1te
"dur1ng the _year was .16.8 ppm. It is not unusUa] for’ concentratmns of 50 ppm

“to occur in dense trafﬁc areas in some urban centers yet 200 yards away the -,
carbon monexide value may be near zero .No excursmns of the one hour pr1mary —'
standaird of 35 ppm were recorded (Figure 3). The hﬁtest one hour average was .
26.4 ppm. eiper1enced a‘t the State 0ff1ce Bu11d1ng stte in Ch1cago - : "J

e - ' )

Fad

Nitroaen Dicxi de

\.

When coal, 0i1 ,and .gas arve. burned at 'hrgh temperatures in the presence of

-

1

ox_ygen atmospheric mtrogen may comb1ne w1 th oxygen to foym various n,;_trogen

ox1d»s (NO ) ,_Statwnary fuel oombustmn and highway vghicles‘are the two

most nnportant sources of such oxﬁes. Nitrj < 0 Q NO) *js the primary nitro-
gen oxide resultm from the combustion ro

9 g p %.é'
.gas. Nitric oxi de can cause haze and “educe s I}j?@

fabrics, electri cal equipment and p]ants may suffer 1eaf damage and reduced

a co]orless and odorless

It can a1so damage

crop y1e1d= dependxng on the concentrat:on of nitric oxide and the time of
exposure. Nitric “oxide is not known -to be harmful to humaﬁs at levels-found
. in the atmosphere. Many t: s:‘however, nitrtc oxide is,oxidized to nitrogén
dicxide (ﬁoz) which can cause inflammation of the lurigs arid bronchitis when
‘24 hour meah conCentrations exceed 60 ppb. :0 U c
Nitrogen ox:des (NO + NOZ) frequeﬁ%ly react in the presehce of sunlight.’
and nydrocarbons to produce photochemical oxidants, 1nc1ud1ng ozone., High °
.1eve1s"of nitrogen oxides in the morning frequent]y are re]ated to ozone ,
problems in the afternoon. These very unstable cgmpounds”can damage plants
Cand' i ritate both the e&es and.respiratory system of peop]ét o T,

- ) N .
b o - 13 ) 3
L3 - ' * 4\
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. . - A significant increase in nitrogen dioxide concentrations was evident in .
the.Chicago.area during 1978. A total of four.sites in Chicago were in violation
L. \ 4
?‘- . . - . , . ) - . , . .

* e . of the annual.primary standard of 50 ppb (Figure 3). The highest one hour average
e Value was 255 ppb recorded at the State Office Building in downtown Chicago. - .
. A one square mile area around this site g:onsis-tentiy records nitrogen diaxide
“ -~ concentrations .which-exceed state health standards. - '
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R jzzg ' Classroom Exercises .
. 5 ' . ’ M [y
I C .
The classroom exerc1ses will u1t1mate]y examine the re1at1onsh1p

- . . "
= between all five air pol]utants and selected weather varaab1q5. The detai1ed

-

d1scu551on of ozone pol]ut1on in the c]assroom proV1des by exampile procedures

<

that students can utilize in the1r investigation of su]fur dioxide, total - .
. suspe&?d part1cu1ates ‘carbqp monoxide and nitrogen o1ox1de outs1de of class., ;
\ Figure 4 depicts the average month1y and’ max1mum ozone concentrat1ons during :
1978 for two‘;1tes in the vicinity of Midway A1rport(F1gure 1) Th1s L * "
1nfornat1on was plotted on graphs(F1gures 5 and 6) for eas*er 1nterpretat1on.

It was ‘now possib7e to quickly determine which months were assoc1ated with

‘greater than average ozone concentrations. The yearly ayerage value was ¥ . ;;

" exceeded on both graphs-during the warmer part of the year, from approximately

= @ April to Septemher. The maximum ozone values were not oniy much higher than

mean monthly values but a]so more var1ab1e. -

. Students would be required tq provide reasons for the seasonal
var1at‘ons of both mean and max1mum va1ues. What weather varwable seems to be
most closely associated with h1gh azone concentrations during the summer?

. Dogmean—and'ma}jmum ozone values vary directfy or indirectly during the jear?

" Why .are the mean and maximun‘values for Kenwood H. S. higher but atso more
erratic than-xhose recordéd at Bedford Park? What poss1b1e role do such
non-weather_factors .as.distance. from Lake_Mighigan highway concentrat1on and

" orientation, djstanqe from Midway Airport and the location of 1ndustry have 1n

exp1aining the variation in concentration of ozone between these two sites? . )

Which factors, seem to be most important?  What other factors could also be

considered in explaining variations “in ozone patterns? Answering these questions
]

o == - ~ e TN
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g . . MEAN MONTHLY OZONE VALUES (ppb) = -
. - o Chicago 1978 . =
s B : :

Monitoring .- ; i . Months ...~ S .+ Year
Station ., ° * ! ’,.r——”’ . . .

¢ : ~ . _,/"\:- :‘J’ . 3 N
i 4 - -t ¥ ym—f A .« 3 3 A s o 8 D
. Bedford Park ., '~ . _ . , L .

23

Mean 1 el 11 12 .23 27, 37 20 16 6 3 12 14 s

2

‘ 3 4 ' i - 4 x ) . é”";
Maximum 20 20 40 60 110 1607 90 120 100 €0 60" - 20 160 . .. =
r =
KenWO‘Od H. SQ ) % - - ] d . :%
N ’ \ - ":
_Mean - 5 13 19 30 43 ¢ 39 30 33 2 15 11 16 25
avm ' 24 30 74 175 141 234 120 117 "211 247 175 180 247 o
' : . -
~ y - n -
- . ® 4\ 77
g - . 8 ¢ B
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“will require the use ot backdround information discussed earlier jn the .
section on air quality, as well as the use of a road map and/or:topographic
. map of the‘Chiéago metropolitan area. A map of .Chicago isyfound onsthe*back
of the I1linois Highway map. - - .o
'*". Figure 7 lists the month]y averages for the six weather variables
‘chosen for this study. When' p1otted on graphs this 1nformation could beu
conoared to the graphs of ozone. Do certain weather var1ab1es corre]ate better
han others with ozone? .For instance, 51nce ozone is highest during the )
‘wanner portion of. the year it shculd exhtbtt a positive correlation with

-3

average monthly temperature. o . ‘
Comparisons using graphs are not very sp>c1f1r but do enable students
' to quickly make_a qua]itativecassessment of the genera] relationship between’
a weather variable and a spec1f1c air po11utant bne'way to‘improve on this
de/crjptive apprqach 1s to use rank correlation for a more rigorous eva1uation
of the role that weather plays in aggravating or reducing air po11ution. The
weather data in Figure 8 have been rahked by u51ng the actual data in-Figure 7
and assigning a value of one to the largest va1ue for each weather variable
and a value of 12 to the sma]1est Va1ue. Where two or more.va1ues of a variable
are equal(tied). they are given the same rank-by summing and dividing by the
nuhber of tied values. This has occurred in three of the six columns in
.Figure‘8 where some values are no longer whole nunbers. ' -
Figure 9 veyéals the calculations necessary to obtain the Spearman rank
.correlation{Rs) for the re1ationship between average monthly ozone concentrations
and averago temperaturesgat Bedford Park. The result was a rather high positive
correlation coefficient of .79. This means that when temperatures increase $0

do ozone concentrations, and vice versa. This fact may have been evident.

¢ 19




. K4 © FIGURE 7

<

[

WEATHER CONDITIONS AT MIDWAY AIRPORT

o _ MONTHLY AVERAGES 1978
L] < . £
Average Total - . Average Resultant . Average = Percentage
Temperature (F) Heating/Cooling Station wind: ) Wind Sunshine
M . , Degree Days (F) . Pressure (in.) Direction . Speed - for Month
} : . R (Azimuth from N) {mph)
- N b -
5.9 . 1519 '.29.45 280 11.8 43
6.8 . % 1346 29.51 280. 8.7 43
- 32,4, 1003 29,30 , 330 11.3 44
47.9 “ 508" ¢ . 29,32 . 020 11.5 58
58.9 362 20,27 7 , 060 10.9 58
69.0 196 20,34 190 9.6 63
o - N - ‘;‘. -
7247 253 - 29.32 140 9.0 57
73.4 270 o 29.139 180 ‘ 7.5 65
70.2 263 29.38 £ 20 " 8.6 69
51.6 ‘ 410 ¢ . 29.40 230" 10.0 52
42.4 . 673~ 29.46 240 ' 10.4 . 42
26,1 . 1199 29.35 ‘ 240 ~ 1.6 36’
| i
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RANKED WEATHER DATA FOR MIDWAY 1\3[RPOR'I‘M}9‘78¢

Month  Average ‘ ‘Total i Average - . Resultant . Average Perce.tage
: Temperxature (F) Heating/Cooling “Statien Wind wind Sunshine
. ) Degree Days (F) Prassure (in.) Direction ) Speed for Month
-4 o : . (Azimuth from N) {mph) ) 3
@ . . :
Jan. & 12 l' 93 - i N 2.5 l 9.5
Feb. . 11 2 1 2.5 -~ 10 9.5
March 9 4 4 1 ' 4 8
Aprio 7 6 : 10.5 ¢ . 12 3 . - 4.5
May 5 » 8 ., 12 11 5 4.5
June 4 12, €] 8 8 3
July 2 - ol 10.5 10 ‘ 9 . 6
5 :
?  Bug. 1 ‘ 9 6, 9, Co12 . 2,
. ] o ' B .
Sept. 3 10 7 7 . 11 1
[ o
oct‘o 6 7 ‘4.5 6 ' * 7\' . R 7
' Nov. 8 5 2 4.5~ 6 11
.," . “ > N -
- Dec. 10 . 3 8 4.5 2 12,
- Note: highest rank is assigned a value of one.
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. FIGURE 9

spmmn RANK CORRELATION BETWEEN OZONE AND TEMPERATURE,
" . (Bedford Park. 1979)

¢

¢ '
o . — 4
- Average -~ )
Month  Ozone Temperature Difference Differences
.5 Rank Rank in Ranks " -- $quared
Jan. - 12 12 . 0.~ 0 3
Feb. * 9.5 11 -1.5 2.25
March 8 9 S | 1 ‘
_April ' 6.5 7 S -0.5 .25
* May .3 . 5. -2 4
June. “ 1.5 4 -2.5 6.25
July 1.5 ., 2 ~0.5 .25 i
_Augs 4 1 .3 9
Sept. . " * 5 Co 3 2 T4 -
oct. 9.5 6 3.5 12.25
NG6v. m . -8 3 9
Dec 6.5 _ 10 . -3.5 12 25
——
. - € D2 = 60.5 .
Spearman Rank Correlation(Rs)E’ Rg = -§--D3--
X ~at 8 N(N2-1)
) / r . = 4,
g m- 1 BXE0:E = hT9
. , 1716
+ H
© " 22 : .
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earlier from the graphic comparison buc now has. been more clearly estab]ished.

This technique has the advantage that data does not need to be normally

‘ distributed but the disadvantage that math%maticai equations for forecasting

" evaluated in class.

one variabie when theaother is known are not aVaiiabie from this type of

correiation. _ . |
The resu]ts of;the Spearman rank correiations for aii the air ‘

poiiutants and all the Q\ather variabies at the fiye monitoring sites are

1isted in Figures 10 and 11. Students would be required to calculate

approximately one-half of the Vaiues jn these' tabies. Only those vaiues which
are significant at the 01 level in-Figures 10 and ‘11 wouid be discussed and
In this instance oniy values greater than .7]_or less

. than - .71-are significant at the=.01 level. This means that there is only

. a one percent possibiiity that the relationship cou]d have occurred by ¢hance.

: Students wouid be requiréed to provide reasons why certain air po]]utants were

_situation.

i$ found in Figure 12.

tongly correiated with certain weather. variab]es.* This exercise would

require that they employ sound‘meteorolggicaiﬁprincipies in explaining each

——

For example, in Figure 11 the rank correTation‘between average

wind speed and nitrogen dioxi. <concentratiof at Summit is -.81. This

1ikely means that when-wind speeds are high, nitrogen dioxide concentrations
are low because high ‘winds disperse the poi]utant more effectTveiy than Tow
wind speeds. Monitoring sites .in Figures 10 and 11 which.are associated with

¢

significant correlations would aiso be compdred in an éffort to. better under-
stand spatial differences anong sites in the Chicago area.

The equation to calculate the product moment correlation coefficient(R)
Also included is the: equation to determine significance

according to the sfudent-t test. This correlation coefficient is a better

<
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FIGURE 10 .

8" .
. A\
SPEARMAN RANK CORRELATIONS BASED ON AVERAGE MONTHLY VALUES 1978 . = |
o \
e N ’ \
i\":t-\'v , ) ¢ N
EEAE )
‘gaathar’Vaxiéble ‘Bedford Hale . "Summit-  Bedford  Hale. © Summit
T L Park Elem. {rsp). Park Elem. (s07)
T (rsP) - / school (s03) ,School
_ (xsp) ) ' ~ (S02) .
3 [y
) Average Temperature . v -
(F) ..65 '/ -;Lq '59 -.‘\015‘\ - --58 "061 ' . * i
fotal Heating/ , , . ' %
: Cdoling Degree Days -776 -.36 -.73 .28 .56 .73 -
Average Atmospheric _ . 4
Pxessuxe(in.) v -.42 -.07 ~-.36 .32 .61 .73 -
- - - P L)
Resuhcan; Wind - . '
jDirection(dpgrees) -.34 -.20 -.46 .41 .75 .75 }

. Average Wind Speed _ e
= I@h) -.48 . -009 “050 .36 . .22 020 ¥7:
s Péercentage : A ) . ’

‘Possible Sunshine .52 .40 .66 =.35 ~.65 -.73

2" " -

~

All.vﬁlues greater than ,71 ox lessithan -.71 are significant

Y
v

?

at the .01 level

i




& s“pmm?n RANK .CORRELATI

-. FIGURE 11

. [ S ° <
ONS-BASED ON AVERAGE MONTHLY VALUES 1578 -

- < # - § R
Weather Variable ‘Bedford Kenwood Kenwood State - Hale . Summit
: ‘ PArk H.S. H.S. - Office.’ Elem. (NO3)
' ! (oY) - (03) (co) (co) . ’school .
) ‘ ! e’ (Noz) .
. \ .
osAverzge Temperature -

{F) .79 .63 115, .81 .56 -8%
Total Heating/ - ’
Cooling Degree Days -.83 -.65 =31 =,51 -.64 "t76
Re H o s, = -

., Avexage Atmospheric- o . *
© Pressure(in.) -.80 + ~.79 {-e39 -.67 -.07 -.18
Resultant Wind - v ‘ f . .
Directicn{degrees) * ' -.69 -.73 -.22 -.74 .01 -.47
Average Wind Speed =~ . ‘
(mph) - r.4l -.15 .03 -.44 , =54 ~.81
P e .
Percentege . ; '
POSBible Sunshine .68 ' .aql . -.05 .63 .39 .54
. - L) .

-

All values greater than .71 or less than -.71 are significant at the .01 level

- -

31
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‘measure than the Spearman rank @rrelation of the strength of & reiationship

between two variabies It has, however, severai restrictions First, it is

a parametric statistic Wh1Ch meéans that the distrihution of thepopulation

must'be norma],wand second it is more time consuming.to calculate. =~ . .
The'fighres necessary to caicuiate R for monthly vaiyes are displayed

in Figure 13 for the Bedford Park monitoring site. The summed vaiues would be

-used in the first equation in Figure 12 to calculate the correiation coefficient
This exampie would be utiiized by students to complete Figures 14 and 15
Only those values. which ara significant at,the .01 level. in Figures 10 and’ 17— |

would be used to caicuiate this new value. The total number of computations

‘required to compiete Figures 14 and 15 was oniy 25% of that required for " ?f
. Figures 10 and 11. L, .
The values disoiayed in Figures 14 and 15 which are y.*gter than .68 - ff

or less than-:68 are significant at the 01 ievei " If time permits students
.can be instructed in how to actuaiiy determine the level of. significance and " fé
the -associated correlation coefficient. The second equation in Figure 14 would '
be required to make such calculations, as weii as a tabie of,student-t values.
. After the tables are compieted students wouid again be required to provide |
reasons why certain relationships existed between a given air poiiutant and ‘ :i

a weather variabie —The questions to be considered are ‘similar to those iisted

eariier in the discussion of the graphs of ozone concentn\tion \5

-
o

Finally, an exampie of daiiy ozone values for,Bedford Park for the
month of June 1978 15 disnlayed in Figure 16. In this case, a product
moment correiation coefficient is computed for daily average ozone values. and ™

average temperatures. .The example in Figure 15 was™ computed in the same fashion

" as the example in Figure 13 except that more cases‘nere involved. The monthly

2
v
N
-
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FIGURE 13 S
PRODUCT MOMENT CORRELATION COEFFICIENT(R) »
. Bedford Park 1978 ) VR
Months  Ozone(X) Te$§§§§g§re(a)( ‘ X2 g? p '
S ppp) v W) o -
Jan. S1 £ 15.9. T - 253 15.9
Feb. & " 16.8 - 36 282 101
" March 11 32.4 121 1050~ 356
April 12 4729 o 144 2294 575
_ May 23 ‘ 58.9 ‘ - 529 3469 - 1355
June ‘27 69.0 729 4761 1863
.‘)‘uly PR | 72.5) 729 5285 . 1963 -
Aug. . 20 . 73.4 400 ‘5388 1468
‘Sept. . 16 0.2 256 4928° 1123
oct. 6. 5106 - 36 2663 310
Nov 3 - ';:2.4;, o . "o 1798 127
Dec. 12 "2 144 681 313
£ x=164 9 € Y=577 € X%=3134 ;:y’-=32852 " g XY=957C

Some of the aboyé values- have bee¢n rounded

R -

&

- 22 34 -




~ B :" . - - .% -
FIGURE 14 : . -
PRODUCT MOMENT CORRELATION GOEFFICIENT(R) .
L Monthly Average Values
1978 - . ,
. e . N A ) .
) E . ’ N . f_;j;{l fé;\ i v :
Weather Variable Bedford Hale"  Summit Bedford-. Hale Summit
N Park = - Elem. (TSP) Park, Elem. (so3)
o : (TsP) ‘School _ (s0p)  School )
o ~“(TsP) . . (803)
© Average Temperature ' ' - . o .’
N ‘ (F) ’ - ’ . - .- -, - . -
Total Heating/ e oL ’ )
" Cooling Degree Days ~.66 - -.73 - - .63
Average Atmospheric . R . ’
- Pressure (in.)- - p= - - - . 12
Resultant Wind , o . Ty R
. Direction (degrees) o - - - .62 .50 -
Average Wind Speed ) ¢
(mph) - , - - .= - -
Percentage : - .
Possible Sunshine - - - - - =78

; . .
All values greater than .68 or less than =.68 are significant at the .
.01 level ‘ .

~

E
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’ ' FIGURE 15 . S
-/ ' .
"t . . .
+ >: .
PRODUCT MOMENT CORRELATION COEFFICIENT (R)
. -Monthly Average Values -
1978 - /'
t. . o A ] ) - ° N . !
_Weather Variable Bedford  Xenwood Kenwood  State Hale Summit
. Park . , H.S..- H.S. . Office  Elem.’ (N0,)
(03) - (03) Co) Bldg. School
' ’ ) . {co) (NO,y)
v - -
"- 'AverageTemperature : — T
- ’ (?) .79 - - .84 - .80
* Total Heating/ ’ .
Cooling Degree Days -.72 - - - - -.73,
- - - v
Average Atmospheric .
Pressure (in.) -.17 -.20 ' - - - -
_ Resultant Wind - T
. Direction(degrees) - ~.68 - =.77 - -
. » .
Average Wind Speed . .
(mph.’ - ‘.‘; -, b - “e 87
‘percentage - - ) .
Possible Sunshine - .76 - - - -
<
All values greater than .68 or less than =-.68 are significant at the
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FIGURE 16

.

[

PRODUCT MOMENT CORRELATION COEFFICIENT(R)
Daily Values for Bedford Park--June 1978

«

e

-~

" 144688

, . Average : ~ ~
Ozone(X),.  Temperature(F) X2 ¥2 - XY
(ppb) - (Y) o
.
‘22 - 76 - 484 5776 1672
18 64 324 - 409 1152
25 61 625 - 3721 1525
22 65 484 4225 1430,
18 60 - 324 3600 1080
31 Cn 961 5041 ° 2201
23 . 67 529 4489 - 1541
12 54 144 2916 648
20 63 400 3969 1260
.33 ] 1089 4624 2244
48 77 2304 59297 3696
19 64 361 - 4096 1216
14 56 196 3136 784
p 12 62 . 144 3844 744
30 70 - .900 * 4900 2100 S
25 . o4 .t 625 5476 1850 »
49 ! SN '2401 6084 3822
.25 72 . 625 5184 1800 - )
Y 70 .1369 4900 2590
23 75 - 529 5625 1725
21 66 441 4356 - 1386
33 66 1089 +4356 2178
21 67 441 4489 1407 3
50 . 74 2500 5476 3700 ° .
16 7 ] 256 5041 1136
25 76 625 5776 1900
29 e 841 5929 2233
38 © 076 1444 5776 2888
50 77 2500 5929, 3850 - -
19 e a1 - 361 5929 - 1463 '
€ v=2074 . € ¥W=25316 £y2/ € xy=
: R 57221




R values for these two variables in Figure 15 was .79. Again oﬁ]y 11 of 18
values which wére.significant in Figures 14 and 15 would have R values
calculated for tke monfhiy data which compr{sed ?igbre 17. The results in

this table indicate that only one of the 11 va]ues is significant at the-

.01 level and only two are sign1f1cant at the .05 1eve1(R equals .38 or greater).
The reduction in the value of Rg and R provides an OpPortun1ty to explore
more carefu]ly the effect that the tﬁo’different correlation procedures, as

well as time intervals havé on the results. Sthdents will ha?e to reevaluate
and revise exp]anations which were employed early 1n the study in order to
gﬁu&timately arrive at some general conclusions about the re]atiopship of air

pol?ution and‘;ne weather.

e y Future Work ot

\
\

Additional investigations of weather and air qyafity ré]atﬁgnships.would
involve the use of the computer. Both the interative terminal and batch mode
would- be utilized to expand the initial study. Mult{Va?iate techniques such-as
principa} components ana]ysis and stepw15e multiple regression wou]d be employed
:; better undgrstand how a1r pollution concentrations are affected by not Just
one weather variablg but simu1tanebus1y by several such variables. In this .
‘1nstance, the dependent variable would be_the concentration of an air pollutant

- and the independent variables would be the six weather variablesilisted in

Figure 7. The time frame for such examinations would.include monthly and daily,

' as well as seasonal, day of .the week .and hourly intervals. Students would
. again have the opportunity to examine in greater.detail, aﬁd even begin to
develop hypotheses, about the role that weather plays in affacting air

" pollution concentrations.
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e . - PIGURE 17. ‘
7 * \‘ i H 7 LY @
PRODUCT MOMENT CORRELATION COEFFICIENT(R) 4 -
- Daily gverage,viluea
Weather V’ar‘iablei ' Summit Summit’ Bedford - Kenwood State Summit.
' . ’ (TSP) (s05) Park --  H.S. office Nog)  _°
. (03) (03) Bldg.
- y (co)
Average Temperature ° . . -
: Py - ' - - .63 .- .24 .25
Total Heatin&/ . c.
Cooling Degree Days ~-.07 - .38 - - . .26
. . . ¢ <
_Average, Atmospheric ‘ . o :
Presgure{in.) - - - - -, -
_ Resultant Wind .
Direction (degreesg) . - - - ~-.06. ° .10 =
Average Wind Speed ~ ’
~ {mph) - ’ - - - ) - ~.25
_ Percentage - ‘ . ' » ( o
. Possible Sunshine - .15 - $12 - -
»All values greater than .46 or lessf than ~.46 are significant at the ‘
.01 level. . &, . R .
1 . - .
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i V.
‘ o FGOTNOTES )

-

P o~ .

s, 1111no1s Environmental Protection Agency. Il1linois Environmental

‘ Progress, Volume IIT, No. 7(Nov./Dec., 1978) p. 6.

* 2. The assiztance of Mr. Terry A. Sweitzer of the Dwv1sion of Air
Pollution,Control 1n‘acqu1r1nn the data is aratefully:®

- ' acknow] edged

3, Twardy, Stan. 020ne Po]1ution in-1ilinois. Document No. 77/25
) Chicago:I11inois Tnstitute for Environmental Quality,

Y

&. I111n01s EnV1ronmenta1 Protect1on Agency. ‘I11inois Air guaiwfx )
\ “Report 1978. Springf1e]d Division of Kir PoTTution

- Control P 9- 10.
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